Regulation of pituitary adenylate cyclase activating polypeptide and its receptor type 1 after traumatic brain injury: comparison with brain-derived neurotrophic factor and the induction of neuronal cell death.
Neurotrophic factors are known to promote neuronal survival during development and after acute brain injury. Recent data suggest that some neuropeptides also exhibit neurotrophic activities, as shown for the pituitary adenylate cyclase activating polypeptide, which increases the survival of various neuronal populations in culture. Employing in situ hybridization techniques, we have studied the regulation of messenger RNA for pituitary adenylate cyclase activating polypeptide and its receptor type 1 after a moderate traumatic brain injury to rat brain cortex. We have further compared their messenger RNA expression to that of brain-derived neurotrophic factor and to the amount of cell death occurring in the brain at various times after the brain injury. Levels of brain-derived neurotrophic factor messenger RNA increased rapidly within 2 h after trauma in cortex and hippocampus, and returned to control levels thereafter. The levels of messenger RNA for pituitary adenylate cyclase activating polypeptide also increased with time in the injured brains and reached maximal expression at 72 h, i.e. the end of the observation period. The alterations in pituitary adenylate cyclase activating polypeptide messenger RNA levels were particularly pronounced in the perifocal region and in the ipsilateral dentate gyrus of the brain injury. In contrast, the messenger RNA levels encoding pituitary adenylate cyclase activating polypeptide receptor type 1 first decreased after trauma and were then normalized in the dentate gyrus. There was a large increase in the number of cells labelled for DNA breaks at 12 h post-trauma, indicative of enhanced cell death. The number of labelled cells, however, decreased at later stages concomitant with an increase in the expression of pituitary adenylate cyclase activating polypeptide messenger RNA. Pituitary adenylate cyclase activating polypeptide rescued cortical neurons in cultures against ionomycin-induced cell death, supporting the concept of a neuroprotective effect for the peptide. These results demonstrate a differential regulation of messenger RNA for brain-derived neurotrophic factor and the pituitary adenylate cyclase activating polypeptide and its receptor after brain trauma. The data also suggest that pituitary adenylate cyclase activating polypeptide might have a beneficial effect in brain injury by counteracting neuronal cell death.